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
,PDJHDQDO\VLVZDVSHUIRUPHGXVLQJ LQKRXVHVRIWZDUH,PDJHYLHZGHYHORSHG LQ ,'/ ,77


9LVXDO ,QIRUPDWLRQ 6\VWHPV %RXOGHU &2 86$  7XPRU YROXPHV ZHUH GHWHUPLQHG XVLQJ
VHJPHQWDWLRQIURPUHJLRQVRILQWHUHVW52,¶VGUDZQRQ7ZHLJKWHGLPDJHVIRUHDFKWXPRU
FRQWDLQLQJVOLFH7XPRU5PDSVZHUHFDOFXODWHGIURPWKH0*5(LPDJHVDFTXLUHGSULRUWR
DQG IROORZLQJDGPLQLVWUDWLRQRI863,2SDUWLFOHVE\ ILWWLQJDVLQJOHH[SRQHQWLDO WR WKHVLJQDO
LQWHQVLW\HFKRWLPHFXUYHRQDYR[HOE\YR[HOEDVLVXVLQJD%D\HVLDQPD[LPXPa posteriori
DSSURDFK3DUDPHWULFPDSVRIWXPRUI%9ZHUHVXEVHTXHQWO\FDOFXODWHGXVLQJWKH
863,2LQGXFHGFKDQJHLQ5ǻ5DVSUHYLRXVO\GHVFULEHG

Immunohistochemistry and fluorescence microscopy  
,PPXQRKLVWRFKHPLFDO GHWHFWLRQ RI HQGRPXFLQ ZDV XVHG WR DVVHVV WXPRU PLFURYHVVHO
GHQVLW\09')RUPDOLQIL[HGSDUDIILQHPEHGGHG))3(VHFWLRQVZHUHLQFXEDWHGZLWK
UDWPRQRFORQDODQWLHQGRPXFLQDQWLERGLHV 6&6DQWD&UX]+HLGHOEHUJ*HUPDQ\
DQG LPPXQRUHDFWLYLW\ GHWHFWHG ZLWK ELRWLQ\ODWHG DQWLUDW ,J* VHFRQGDU\ DQWLERGLHV DQG D
'$% VXEVWUDWH NLW 9HFWRU %XUOLQJDPH &$ 86$  6OLGHV ZHUH FRXQWHUVWDLQHG ZLWK
KDHPDWR[\OLQSULRUWRPRXQWLQJLQ'(3(;DQGYLVXDOLVHGRQD%;PLFURVFRSH2O\PSXV
2SWLFDO /RQGRQ 8.  (QGRPXFLQ SRVLWLYH YHVVHOV ZHUH FRXQWHG LQ  UDQGRPO\ VHOHFWHG
KLJKSRZHUILHOGV[IRUHDFKWXPRUDQGWKHQXPEHUFRQYHUWHGLQWRYHVVHOVPP

6HSDUDWH FRKRUWVRI PLFHEHDULQJ  [HQRJUDIWV WUHDWHG IRU ZHHNV ZLWKPJNJGD\
VXQLWLQLERUYHKLFOHFRQWUROZHUHLQMHFWHGYLDDODWHUDOWDLOZLWKWKHSHUIXVLRQPDUNHU+RHFKVW
 6LJPD$OGULFK 3RROH 8.   $IWHU  PLQXWH WXPRUV ZHUH UDSLGO\ H[FLVHG DQG
VQDS IUR]HQ RYHU OLTXLG QLWURJHQ  )OXRUHVFHQFH VLJQDOV IURP +RHFKVW  ZHUH
VXEVHTXHQWO\GHWHFWHGDERYHDFRQVWDQWWKUHVKROGDWQPIURPPWKLFNIUR]HQZKROH
WXPRUVHFWLRQVSHUWXPRUXVLQJDPRWRULVHGVFDQQLQJVWDJH3ULRU6FLHQWLILF,QVWUXPHQWV
&DPEULGJH8.DWWDFKHGWRWKH%;PLFURVFRSHGULYHQE\LPDJHDQDO\VLVVRIWZDUH&HOO3
6RIW ,PDJLQJ 6\VWHP 0QVWHU *HUPDQ\  7KH DUHD RI HDFK WXPRU VHFWLRQ ZLWK +RHFKVW
 IOXRUHVFHQFH ZDV GHWHUPLQHG DQG H[SUHVVHG DV D SHUFHQWDJH RI WKH ZKROH WXPRU
DUHDDVSUHYLRXVO\GHVFULEHG


Statistics 
$OO VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ *UDSK3DG 3ULVP YHUVLRQ   5HVXOWV DUH
SUHVHQWHGLQWKHIRUPPHDQVHP)ROORZLQJDSSOLFDWLRQRID6KDSLUR:LONQRUPDOLW\WHVW
WRFRQILUPWKH*DXVVLDQGLVWULEXWLRQRIWKHGDWDVLJQLILFDQFHWHVWLQJHPSOR\HG6WXGHQW¶VWZR
WDLOHG WWHVW DVVXPLQJ XQHTXDO YDULDQFHV ZLWK D  OHYHO RI VLJQLILFDQFH 6LJQLILFDQW
FRUUHODWLRQVZHUHGHWHUPLQHGXVLQJOLQHDUUHJUHVVLRQDQDO\VLV


5HVXOWV
Susceptibility contrast MRI with USPIO particles measures fractional tumor blood 
volume of 786-0 xenografts 
6XVFHSWLELOLW\FRQWUDVW05,LQFRUSRUDWLQJWKHXVHRI863,2SDUWLFOHVZDVXVHGWRDVVHVVWKH
SHUIXVHG YDVFXODWXUH RI VXEFXWDQHRXV  [HQRJUDIWV  7KH VFKHPDWLF GDWD LQ
6XSSOHPHQWDU\ )LJXUH  VKRZV D 7ZHLJKWHG DQDWRPLFDO LPDJH 6XSSOHPHQWDU\ )LJ D
JUDGLHQWUHFDOOHG HFKR *5( LPDJHV SULRU WR DQG SRVW DGPLQLVWUDWLRQ RI 863,2 SDUWLFOHV
6XSSOHPHQWDU\)LJEFDQGWKHFDOFXODWHGSDUDPHWULF IUDFWLRQDOEORRGYROXPHI%9PDS
6XSSOHPHQWDU\)LJGREWDLQHGIURPDUHSUHVHQWDWLYH[HQRJUDIW7KHVHGDWDVKRZ
WKDW VXFFHVVIXO LQMHFWLRQ DQG GHOLYHU\ RI 863,2 SDUWLFOHV LQWR WKH WXPRU LQWUDYDVFXODU
FRPSDUWPHQW UHVXOWHG LQDFOHDU UHGXFWLRQ LQ*5( LPDJH LQWHQVLW\ LQSHUIXVHG WXPRUDUHDV
DOORZLQJ FDOFXODWLRQ RI D SDUDPHWULF I%9 PDS  )XUWKHUPRUH DGPLQLVWUDWLRQ RI 863,2
SDUWLFOHV UHVXOWHG LQ QR QRWLFHDEOH DGYHUVH HIIHFWV WR WKH PLFH RU WXPRU JURZWK DQG QR
VLJQLILFDQWGLIIHUHQFHLQWXPRUEDVHOLQH5PHDVXUHGSULRUWRDQGSRVWWUHDWPHQWLQGLFDWLQJ
QRVHTXHVWUDWLRQRI863,2SDUWLFOHVWKDWFRXOGLQIOXHQFHVXEVHTXHQWI%9PHDVXUHPHQWV

7XPRU I%9PDSVREWDLQHGIURPDUHSUHVHQWDWLYHPRXVHEHDULQJD[HQRJUDIWSULRU WR
DQGZHHNVDIWHUGDLO\WUHDWPHQWZLWKPJNJVXQLWLQLEDUHVKRZQLQ)LJXUHDDQGE$
PDUNHG UHGXFWLRQ LQ I%9 ZDV FRQVLVWHQWO\ REVHUYHG SRVWWUHDWPHQW ZKLFK ZDV SULPDULO\
DVVRFLDWHGZLWK WKH WXPRUFRUH7KH I%9FXPXODWLYH IUHTXHQF\ FXUYHV IRU WKH VDPH
[HQRJUDIWSUHDQGSRVWWUHDWPHQWUHYHDOHGDPDUNHGOHIWVKLIWLQGLVWULEXWLRQWRZDUGVVPDOOHU
YDOXHVZLWKDVXEVWDQWLDO LQFUHDVH LQ WKHSURSRUWLRQRIYR[HOVZLWK I%9EHORZIROORZLQJ
WUHDWPHQW )LJXUH F  6XVFHSWLELOLW\ FRQWUDVW 05, UHYHDOHG D UHGXFWLRQ LQ I%9 LQ  RI 
WUHDWHG WXPRUV )LJXUH G UHVXOWLQJ LQ D VLJQLILFDQW S  UHGXFWLRQ LQ WKH FRKRUW
PHDQI%9LQWKHDEVHQFHRIDQ\VLJQLILFDQWFKDQJHLQFRKRUWPHDQWXPRUYROXPH7DEOH
7KLV UHVSRQVH ZDV DVVRFLDWHG ZLWK D VLJQLILFDQW S UHGXFWLRQ LQ PLFURYHVVHO GHQVLW\
09' DV DVVHVVHG E\ LPPXQRKLVWRFKHPLFDO GHWHFWLRQ RI HQGRPXFLQ SRVLWLYH YHVVHOV
)LJXUH D DQG VLJQLILFDQWO\ S UHGXFHG SHUIXVLRQ DV HYLGHQFHG E\ ORZHU +RHFKVW


 XSWDNH )LJXUH E LQ WKH VXQLWLQLEWUHDWHG FRKRUW UHODWLYH WR FRQWURO  3RVLWLYH
HQGRPXFLQ VWDLQLQJ DQG +RHFKVW  IOXRUHVFHQFH ZDV VHHQ SUHGRPLQDQWO\ DW WKH
SHULSKHU\RIWXPRUVLQWKHVXQLWLQLEWUHDWHGPLFH

Pre-treatment fractional tumor blood volume is predictive of the anti-angiogenic 
response to sunitinib in 786-0 xenografts
7KH GDWD LQ )LJXUH G VXJJHVWV WKDW WXPRUV H[KLELWLQJ D UHODWLYHO\ KLJK SUHWUHDWPHQW I%9
VXEVHTXHQWO\ VKRZHG WKH JUHDWHVW UHGXFWLRQ LQ I%9 DIWHU  ZHHNV GDLO\ WUHDWPHQW ZLWK
VXQLWLQLE%\VLPSO\SORWWLQJWKHDYHUDJHEDVHOLQHI%9DJDLQVWWKHWUHDWPHQWLQGXFHGFKDQJH
LQ I%9 DIWHU  ZHHNV D FRUUHODWLRQ ZRXOG EH H[SHFWHG HYHQ ZKHQ WKHUH PD\ EH QR
UHODWLRQVKLS   7R RYHUFRPH WKLV DQG WHVW ZKHWKHU WKH EDVHOLQH I%9 ZDV LQGHHG
SUHGLFWLYH IRU WKHVXEVHTXHQW UHGXFWLRQ LQ I%9 LQ UHVSRQVH WRVXQLWLQLE WKHDYHUDJHRI WKH
ILQDODQGPHDQEDVHOLQHI%9ZDVSORWWHGDJDLQVWWKHFKDQJHLQI%9ǻI%9PHDVXUHGDIWHU
ZHHNV WUHDWPHQW IRU HDFK WXPRU )LJXUH D  $ KLJKO\ VLJQLILFDQW DQG VWURQJ QHJDWLYH
FRUUHODWLRQZDVREWDLQHG5 SJUHDWHUWKDQWKHFRUUHODWLRQRIWKDWZRXOG
EH H[SHFWHG E\ FKDQFH   7KHUH ZDV QR VLJQLILFDQW UHODWLRQVKLS EHWZHHQ VXQLWLQLE
LQGXFHGUHGXFWLRQLQI%9ZLWKFKDQJHLQWXPRUYROXPH)LJXUHESUHWUHDWPHQWWXPRUI%9
ZLWK SUHWUHDWPHQW WXPRU YROXPH RU VXQLWLQLELQGXFHG UHGXFWLRQ LQ I%9 ZLWK SUHWUHDWPHQW
WXPRUYROXPHGDWDQRWVKRZQ

Acquired resistance to sunitinib is not associated with a parallel increase in tumor 
fractional blood volume in 786-0 xenografts
1RWDEO\LQVL[WXPRUEHDULQJPLFHZHREVHUYHGDSHULRGRIJURZWKFRQWUROGXULQJWKHHDUO\
SKDVHRIVXQLWLQLEWUHDWPHQWZKLFKZDVIROORZHGE\WXPRUUHJURZWKZKLOVWVWLOORQWUHDWPHQW
6XSSOHPHQWDU\)LJD7KLVLVVLPLODUWRWKHSKHQRPHQRQRIDFTXLUHGGUXJUHVLVWDQFHWKDW
FDQEHVHHQLQP5&&SDWLHQWVWUHDWHGZLWKVXQLWLQLELQWKHFOLQLF6XVFHSWLELOLW\FRQWUDVW05,
GDWDZDVDOVRDFTXLUHGIURPWKHVH5[HQRJUDIWVWKDWH[KLELWHGDFTXLUHGUHVLVWDQFHWR


VXQLWLQLE  +HUH DFTXLUHG UHVLVWDQFH ZDV GHILQHG DV D IRXUIROG LQFUHDVH LQ WXPRU YROXPH
FRPSDUHGWR WKHWXPRUYROXPHDW WKHGD\WUHDWPHQWVWDUWHGDQGZKLFKZDVREVHUYHGDWD
PHGLDQRIGD\VSRVWLQLWLDWLRQRIGDLO\WUHDWPHQWUDQJH WRGD\V5HSUHVHQWDWLYH
SDUDPHWULFI%9PDSVDFTXLUHGIURPWZR5[HQRJUDIWVDUHVKRZQLQ)LJXUHD1RWH
WKHIDUODUJHUFURVVVHFWLRQDODUHDDSSHDUDQFHRIWKHSURJUHVVLQJWXPRUVRQ05,FRPSDUHG
WR WKDW LQ )LJXUH   7KH TXDQWLWDWLYH YROXPHWULF DQG I%9 GDWD REWDLQHG IURP WKH 5
FRKRUWDUHVXPPDULVHG LQ)LJXUHEDQGFDQG7DEOHZLWKWKDWREWDLQHGIURPWKH
FRKRUWSUHDQGSRVWWUHDWPHQWVKRZQIRUFRPSDULVRQ&ROOHFWLYHO\WKHVHGDWDFOHDUO\VKRZ
WKDWVXUSULVLQJO\WKHSURJUHVVLQJ5[HQRJUDIWVPDLQWDLQHGDVXSSUHVVHGI%9


'LVFXVVLRQ
7KHLQLWLDOUHVSRQVHDQGVXEVHTXHQWUHODSVHRIP5&&SDWLHQWVWUHDWHGZLWK9(*)UHFHSWRU
W\URVLQHNLQDVH LQKLELWRUVVXFKDVVXQLWLQLE LVZHOOGRFXPHQWHG  &XUUHQWO\ WKHUHDUHQR
YDOLGDWHG ELRPDUNHUV WKDW DFFXUDWHO\ SUHGLFW ZKLFK P5&& SDWLHQWV ZLOO EHQHILW IURP DQWL
DQJLRJHQLFWKHUDS\DQGWKHPHFKDQLVPVDVVRFLDWHGZLWKWKHLQQDWHDQGDFTXLUHGUHVLVWDQFH
DUH SRRUO\ XQGHUVWRRG  ,Q WKLV SUHFOLQLFDO VWXG\ TXDQWLWDWLRQ RI WXPRU IUDFWLRQDO EORRG
YROXPH I%9XVLQJVXVFHSWLELOLW\FRQWUDVW05,ZDVHYDOXDWHG L IRU LWVSRWHQWLDODVDQRQ
LQYDVLYH SUHGLFWLYH LPDJLQJ ELRPDUNHU RI  [HQRJUDIW UHVSRQVH WR VXQLWLQLE DQG LL WR
TXDQWLI\ WKH GHJUHH RI IXQFWLRQDO YDVFXODULVDWLRQ RI  [HQRJUDIWV H[KLELWLQJ DFTXLUHG
UHVLVWDQFHWRFKURQLFWUHDWPHQWZLWKVXQLWLQLEin vivo

6XVFHSWLELOLW\ FRQWUDVW 05, \LHOGHG D SUHWUHDWPHQW PHDQ I%9 RI a LQ XQWUHDWHG 
[HQRJUDIWVFRQVLVWHQWZLWKVLPLODUPHDVXUHPHQWVUHSRUWHGDFURVVDUDQJHRIVXEFXWDQHRXV
URGHQW WXPRUPRGHOVXVLQJGLIIHUHQW863,2SUHSDUDWLRQV  'DLO\ WUHDWPHQW
ZLWKVXQLWLQLEIRUZHHNVLQGXFHGDPDUNHGUHGXFWLRQLQWKHI%9RI[HQRJUDIWVin vivo
ZLWK WXPRU XSWDNH RI 863,2 SDUWLFOHV DQG WKHUHIRUH SDWHQW YDVFXODWXUH UHVWULFWHG WR WKH
WXPRUSHULSKHU\SRVWWUHDWPHQW,PSRUWDQWO\WKLVUHVSRQVHZDVDVVRFLDWHGZLWKKLVWRORJLFDOO\
FRQILUPHG UHGXFWLRQ LQ09'DQGSHUIXVHGYHVVHOVSURYLGLQJVWURQJYDOLGDWLRQRI I%9DVD
TXDQWLWDWLYHLPDJLQJELRPDUNHURIIXQFWLRQDOWXPRUYDVFXODWXUHDQGLWVUHVSRQVHWRVXQLWLQLE
LQ WKLV PRGHO RI 5&&   6LPLODU UHGXFWLRQV LQ WXPRU I%9 PHDVXUHG E\ VXVFHSWLELOLW\
FRQWUDVW05,KDYHEHHQUHSRUWHGIROORZLQJWUHDWPHQWZLWKRWKHUDQWLYDVFXODUWKHUDSLHV
    7KH GDWD SURYLGHV IXUWKHU VXSSRUW IRU WKH FOLQLFDO GHYHORSPHQW DQG
DSSOLFDWLRQ RI 863,2 SDUWLFOHV IRU WKH DVVHVVPHQW RI KXPDQ WXPRU YDVFXODWXUH DQG LWV
UHVSRQVH WR WUHDWPHQW  5HFHQW VWXGLHV KDYH KLJKOLJKWHG WKH HIILFDF\ DQG VDIHW\ RI WKH
863,2 SDUWLFOH SUHSDUDWLRQ IHUXPR[\WRO IRU 05, LQYHVWLJDWLRQV LQ ERWK DGXOWV DQG FKLOGUHQ
DQGLQLPDJLQJHPEHGGHGRQFRORJ\FOLQLFDOWULDOV 

5&&[HQRJUDIWVH[KLELWLQJD UHODWLYHO\ ODUJHU I%9VXEVHTXHQWO\VKRZHG WKHJUHDWHVW


UHGXFWLRQ LQ I%9 LQ UHVSRQVH WR VXQLWLQLE  )XUWKHUPRUH D VWURQJ DQG KLJKO\ VLJQLILFDQW
QHJDWLYH FRUUHODWLRQ EHWZHHQ EDVHOLQH WXPRU I%9 DQG LWV VXEVHTXHQW UHVSRQVH WR GDLO\
WUHDWPHQW ZLWK VXQLWLQLE RYHU  ZHHNV ZDV REWDLQHG VXJJHVWLQJ WKDW EDVHOLQH I%9 KDV
SURJQRVWLFYDOXHIRUVXEVHTXHQW WXPRUYDVFXODUUHVSRQVHWRVXQLWLQLEDQG LVDSUHGLFWRURI
WKHPDJQLWXGHRIWKHUHGXFWLRQLQI%9IROORZLQJWUHDWPHQW7KHDEVHQFHRIDQ\FRUUHODWLRQRI
VXQLWLQLELQGXFHGFKDQJHLQI%9ZLWKFKDQJHVLQWXPRUYROXPHUHLWHUDWHVWKHVKRUWFRPLQJV
RI WKH 5(&,67 FULWHULD WR FRUUHFWO\ DVVHVV KXPDQ WXPRU UHVSRQVH WR DQWLDQJLRJHQLF
WKHUDSLHVDQGWKHQHHGIRUUREXVWQRQLQYDVLYHYDVFXODULPDJLQJUHDGRXWV

,Q WKH FOLQLF SHUIXVLRQ &7 DQG '&( 05, DQG WKH TXDQWLWDWLYH ELRPDUNHUV WKH\ SURYLGH
+RXQVILHOGXQLW+8RIGHQVLW\DQGWKHYROXPHWUDQVIHUFRQVWDQW.WUDQVUHVSHFWLYHO\KDYH
EHHQSUHGRPLQDQWO\XVHG WRDVVHVVSDWLHQWVZLWKP5&&DQGUHVSRQVH WR9(*)VLJQDOOLQJ
LQKLELWRUV6HYHUDO LPDJLQJHPEHGGHGLQYHVWLJDWLRQVUHSRUWHGWKDWKLJKO\YDVFXODUUHQDO
WXPRUVKDGDEHQHILFLDORXWFRPHIROORZLQJWUHDWPHQWDQGWKDWHDUO\UHGXFWLRQVLQ+8
DQG .WUDQV UHODWHG WR VXEVHTXHQW EHQHILFLDO VXUYLYDO     0DUNHG PHDVXUHPHQW
YDULDELOLW\SDUWLFXODUO\LQ.WUDQVZDVDSSDUHQWLQWKHVHFOLQLFDOVWXGLHVOLNHO\DFRQVHTXHQFHRI
GLIIHUHQWSKDUPDFRNLQHWLFPRGHOOLQJDSSURDFKHVXVHGWRDQDO\VHWKH&7DQG'&(05,GDWD
7KHGDWDKHUHLQVWURQJO\ VXJJHVW WKDWTXDQWLWDWLRQRI I%9XVLQJ VXVFHSWLELOLW\ FRQWUDVW05,
PD\ SURYLGH D VLPSOHU PRUH VHQVLWLYH DQG VSHFLILF LPDJLQJ ELRPDUNHU IRU SUHGLFWLQJ DQG
DVVHVVLQJ WKH YDVFXODU UHVSRQVH RI P5&& LQ WKH FOLQLF  ,Q WKLV UHJDUG WKH SRWHQWLDO RI
DUWHULDOVSLQODEHOOLQJ05,ZKLFK LVZKROO\QRQLQYDVLYHDQG\LHOGVDEVROXWHTXDQWLWDWLRQRI
WLVVXHEORRGIORZPOVJPLQKDVDOVREHHQKLJKOLJKWHG

8QWLO UHFHQWO\ UHPDUNDEO\ IHZSUHFOLQLFDOVWXGLHVKDYHH[SORLWHG UHODSVLQJDQGRUDFTXLUHG
UHVLVWDQW WXPRU PRGHOV WR VWXG\ PHFKDQLVPV RI UHVLVWDQFH WR WDUJHWHG WKHUDSLHV  2QH
UHDVRQ IRU WKLV LV WKH LQKHUHQW ORQJHYLW\ DQG KHQFH SUDFWLFDO LPSOLFDWLRQV DVVRFLDWHG ZLWK
GHYHORSLQJ D UHVLVWDQW SKHQRW\SH LQ [HQRJUDIWV in vivo  +RZHYHU WKH UDGLRORJ\ DQG
TXDQWLWDWLYH LPDJLQJ ELRPDUNHUV LQ VXFK PRGHOV DUH OLNHO\ WR SURYLGH PRUH DFFXUDWH SUH


FOLQLFDOSODWIRUPV IRU HYDOXDWLQJERWKQRYHO WKHUDSHXWLFVDQGGUXJ UHVLVWDQFH :H UHFHQWO\
GHVFULEHGWKHGHYHORSPHQWRID5&&[HQRJUDIWPRGHORIDFTXLUHGUHVLVWDQFHWRGDLO\
GRVLQJ ZLWK VXQLWLQLE ZLWK WXPRUV H[KLELWLQJ ODWH UHVLVWDQFH a PRQWKV DIWHU WUHDWPHQW
LQLWLDWLRQ,QWKHSUHVHQWVWXG\VXVFHSWLELOLW\FRQWUDVW05,FOHDUO\UHYHDOHGLPSDLUHGI%9
LQSURJUHVVLQJ5[HQRJUDIWV in vivoVHHDOVR6XSSOHPHQWDU\)LJXUH

$UHERXQGLQWXPRUDQJLRJHQHVLVPHGLDWHGE\9(*)LQGHSHQGHQWPHFKDQLVPVKDVEHHQ
VXJJHVWHGDVRQHPHFKDQLVPE\ZKLFK WXPRUVPD\HYDGHDQWLDQJLRJHQLF WKHUDS\ 
+RZHYHU WKLV KDV EHHQ SUHGLFDWHG RQ QXPHURXV VWXGLHV WKDW KDYH UHOLHG RQ
KLVWRSDWKRORJLFDO GHWHUPLQDWLRQ RI WXPRU YHVVHO GHQVLW\ DQG KDYH QRW LQFRUSRUDWHG DQ\
GLUHFW PHDVXUH RI SHUIXVHGIXQFWLRQDO WXPRU YDVFXODWXUH in vivo  2XU QRQLQYDVLYH
VXVFHSWLELOLW\ FRQWUDVW 05, GDWD REWDLQHG LQ  [HQRJUDIWV GHPRQVWUDWH WKDW DFTXLUHG
UHVLVWDQFHWRVXQLWLQLELVQRWDVVRFLDWHGZLWKIXQFWLRQDOUHYDVFXODULVDWLRQin situDQGVXJJHVW
WKDW WXPRUV FDQ JDLQ DFTXLUHG UHVLVWDQFH WR DQWLDQJLRJHQLF WKHUDS\ ZLWKRXW WKH QHHG WR
LQGXFHUHERXQGDQJLRJHQHVLV

+RZ GR ZH H[SODLQ ZK\ DFTXLUHG UHVLVWDQFH WR DQWLDQJLRJHQLF WKHUDS\ FDQ EH REVHUYHG
ZLWKRXW DQ DFFRPSDQ\LQJ UHERXQG UHYDVFXODULVDWLRQ" 7XPRU DGDSWDWLRQ WR WUHDWPHQW ZLWK
9(*)VLJQDOOLQJLQKLELWRUVPD\LQYROYHDPHWDEROLFDGDSWDWLRQLQFDQFHUFHOOVZKLFKSHUPLWV
FDQFHUFHOOV WRVXUYLYHGHVSLWHD WUHDWPHQWLQGXFHGUHGXFWLRQ LQ WXPRUYDVFXODWXUHDQG WKH
DVVRFLDWHG K\SR[LF HQYLURQPHQW    ,QWULJXLQJO\ ZH UHFHQWO\ GHPRQVWUDWHG WKDW
VXQLWLQLEUHVLVWDQWWXPRU[HQRJUDIWVDUHPRUHK\SR[LFWKDQSDUHQWDO[HQRJUDIWV
in vivo  )XUWKHUPRUHPHWDEROLFV\PELRVLVEHWZHHQ WXPRUFHOOVGLVWDODQGSUR[LPDO WR
VXUYLYLQJ YHVVHOV KDV DOVR EHHQ UHFHQWO\ LPSOLFDWHG LQ DFTXLUHG UHVLVWDQFH WR VXQLWLQLE LQ
5&&   7KHUHIRUH LW DSSHDUV SRVVLEOH WKDW WKH 5 [HQRJUDIWV DQDO\VHG LQ WKH
FXUUHQWVWXG\FDQDFTXLUHUHVLVWDQFHWRDQWLDQJLRJHQLFWKHUDS\ZLWKRXWUHFRXUVHWRUHERXQG
UHYDVFXODULVDWLRQ EHFDXVH WKHUH LV D VKLIW LQ WXPRU PHWDEROLVP WKDW FRPSHQVDWHV IRU WKH
UHGXFHGYDVFXODUVXSSO\


,QWU\LQJWRHOXFLGDWHWKHFRPSOH[PHFKDQLVPVUHVSRQVLEOHIRUUHVLVWDQFHWRDQWLDQJLRJHQLF
WKHUDS\ RXU VWXG\ DOVR KLJKOLJKWV WKH LPSRUWDQW FRQWULEXWLRQ IURP XVLQJ YDVFXODU LPDJLQJ
VWUDWHJLHVWKDWFRUUHFWO\LQIRUPRQWKHH[WHQWDQGGLVWULEXWLRQRIIXQFWLRQDOWXPRUYDVFXODWXUH
)XUWKHUPRUH ORQJLWXGLQDO PRQLWRULQJ RI WXPRU I%9 ZLWK VXVFHSWLELOLW\ FRQWUDVW 05, FRXOG
IDFLOLWDWH H[SHGLHQW VZLWFKLQJ RI 9(*) UHFHSWRU W\URVLQH NLQDVH LQKLELWRUV DV SDUW RI
VHTXHQWLDO WKHUDSHXWLF VWUDWHJLHV GHVLJQHG WR RYHUFRPH DFTXLUHG UHVLVWDQFH DQG ZKLFK
DSSHDUWREHEHQHILFLDOLQWKHWUHDWPHQWRISDWLHQWVZLWKP5&&

,Q FRQFOXVLRQ ZH KDYH VKRZQ WKDW TXDQWLWDWLRQ RI I%9 XVLQJ VXVFHSWLELOLW\ FRQWUDVW 05,
SURYLGHV D VHQVLWLYH LPDJLQJ ELRPDUNHU IRU ERWKSUHGLFWLQJ DQG DVVHVVLQJ WKH UHVSRQVHRI
5&&[HQRJUDIWVWRWUHDWPHQWZLWKVXQLWLQLE&OLQLFDO05,LQYHVWLJDWLRQVLQFRUSRUDWLQJ
863,2SUHSDUDWLRQVDUH LQFUHDVLQJO\EHLQJSHUIRUPHGDQGGHWHUPLQDWLRQRI I%9PD\ WKXV
SRVLWLYHO\LPSDFWRQP5&&SDWLHQWVWUDWLILFDWLRQZLWKDQWLDQJLRJHQLFWKHUDS\,QDGGLWLRQZH
SURYLGH VWURQJ HYLGHQFH WKDW WKH SKHQRW\SH RI  [HQRJUDIWV H[KLELWLQJ DFTXLUHG
UHVLVWDQFHWRVXQLWLQLELVQRWDVVRFLDWHGZLWKIXQFWLRQDOUHYDVFXODUL]DWLRQin vivo

$FNQRZOHGJHPHQWV
:HWKDQN$OODQ7KRUQKLOODQGKLVVWDIIIRUDQLPDOFDUHDQGPDLQWHQDQFH
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7DEOHDQG/HJHQG
   5
 3UHWUHDWPHQW 3RVWWUHDWPHQW  3RVWWUHDWPHQW
9ROXPHPP    
I%9    

7DEOH  ± 6XPPDU\ RI WKH TXDQWLWDWLYH YROXPHWULF DQG IUDFWLRQDO EORRG YROXPH I%9 GDWD
DFTXLUHG IURP  [HQRJUDIWV Q  SULRU WR DQG  ZHHNV DIWHU GDLO\ WUHDWPHQW ZLWK
VXQLWLQLE DQG IURP 5 [HQRJUDIWV H[KLELWLQJ DFTXLUHG UHVLVWDQFH WR VXQLWLQLE Q 
'DWDDUHPHDQVHPSSDLUHGWWHVW
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
)LJXUH/HJHQGV

)LJXUH  ± 7KH DQWLDQJLRJHQLF DFWLYLW\ RI VXQLWLQLE LQ  5&& [HQRJUDIWV FDQ EH
DVVHVVHG in vivoXVLQJVXVFHSWLELOLW\FRQWUDVW05, 3DUDPHWULFIUDFWLRQDOEORRGYROXPH
I%9PDSVFDOFXODWHGIURPD[HQRJUDIWDSULRUWRDQGEIROORZLQJZHHNVRIGDLO\
WUHDWPHQWZLWKPJNJVXQLWLQLESRF&XPXODWLYHIUHTXHQF\FXUYHVRII%9REWDLQHGIURP
WKH VDPH  [HQRJUDIW  7KH PHDQ SUH DQG SRVWWUHDWPHQW I%9 YDOXHV IRU WKLV WXPRU
ZHUHDQGG/LQHVHULHVRII%9GHWHUPLQHGIRUHDFK[HQRJUDIWLPDJHGSULRU
WRDQGSRVWWUHDWPHQW

)LJXUH  ± +LVWRORJLFDO FRQILUPDWLRQ RI WKH DQWLDQJLRJHQLF HIIHFWV RI VXQLWLQLE RQ
YDVFXODUGHQVLW\DQGSHUIXVHGYDVFXODWXUHRI5&&[HQRJUDIWV  D0LFURVFRSLF
LPDJHV[DFTXLUHGIURPHQGRPXFLQVWDLQHGVHFWLRQVIURPFRQWURODQGVXQLWLQLEWUHDWHG
5&&[HQRJUDIWVXVHGWRTXDQWLI\09'$VLJQLILFDQWO\ORZHU09'ZDVGHWHUPLQHGLQ
WKH VXQLWLQLE WUHDWHG FRKRUW Q  FRPSDUHG WR FRQWURO Q  GDWD DUH PHDQ   VHP
S XQSDLUHG WWHVW E &RPSRVLWH IOXRUHVFHQFH LPDJHV RI +RHFKVW  XSWDNH
DFTXLUHGIURPZKROHVHFWLRQVRIFRQWURODQGVXQLWLQLEWUHDWHG5&&[HQRJUDIWVXVHGWR
TXDQWLI\WKHH[WHQWRIIXQFWLRQDOSHUIXVHGWXPRUYDVFXODWXUH7KHDUHDRI+RHFKVW
XSWDNHZDVVLJQLILFDQWO\ ORZHU LQ WKHVXQLWLQLE WUHDWHGFRKRUWFRPSDUHG WRFRQWURO GDWDDUH
PHDQVHPQ SHUWUHDWPHQWJURXSSXQSDLUHGWWHVW

)LJXUH  ± 7XPRU IUDFWLRQDO EORRG YROXPH I%9 TXDQWLILHG XVLQJ VXVFHSWLELOLW\
FRQWUDVW05, LVDSUHGLFWLYHELRPDUNHURIVXEVHTXHQWUHVSRQVHWRVXQLWLQLELQ
5&&[HQRJUDIWVD6FDWWHUJUDSKRIWKHDYHUDJHRIWKHILQDODQGPHDQSUHWUHDWPHQWI%9
SORWWHG DJDLQVW WKH FKDQJH LQ I%9 LQ  [HQRJUDIWV PHDVXUHG  ZHHNV DIWHU GDLO\
WUHDWPHQW ZLWK PJNJ VXQLWLQLE  /LQHDU UHJUHVVLRQ DQDO\VLV DQG DVVRFLDWHG 
FRQILGHQFH LQWHUYDOV DUH VKRZQ  $ KLJKO\ VLJQLILFDQW DQG VWURQJ QHJDWLYH FRUUHODWLRQ ZDV
REWDLQHG 5    S  E 6FDWWHU JUDSK VKRZLQJ QR UHODWLRQVKLS EHWZHHQ


VXQLWLQLELQGXFHGǻI%9ZLWKFKDQJHLQWXPRUYROXPH5 S 

)LJXUH  ± $FTXLUHG UHVLVWDQFH WR VXQLWLQLE LV QRW DVVRFLDWHG ZLWK UHVFXH
DQJLRJHQHVLV LQ  5&& [HQRJUDIWV  D 3DUDPHWULF IUDFWLRQDO EORRG YROXPH I%9
PDSV REWDLQHG IURP WZR 5 [HQRJUDIWV H[KLELWLQJ DFTXLUHG UHVLVWDQFH WR VXQLWLQLE
DFTXLUHG  XSSHU PDS DQG  ORZHU PDS GD\V SRVW LQLWLDWLRQ RI GDLO\ WUHDWPHQW  7KH
PHDQ I%9 IRU ERWK WXPRUV ZDV   7KH TXDQWLWDWLYH YROXPHWULF DQG I%9 GDWD DFTXLUHG
IURPWKH5FRKRUWDUHVXPPDULVHGDQGVKRZQLQFRPSDULVRQWRWKDWREWDLQHGIURPWKH
 [HQRJUDIWV DQG FOHDUO\ VKRZV WKDW E GHVSLWH WKH ODUJHU PHDQ 05,GHULYHG WXPRU
YROXPH FRPSDUHG WR WKH SRVWWUHDWPHQW WXPRUV F WKHUHZDV QR GLIIHUHQFH LQ I%9
'DWDDUHWKHLQGLYLGXDOYROXPHWULFDQGI%9PHDVXUHPHQWVIURPHDFKWXPRUDQGWKHFRKRUW
PHDQVHP




